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IMAGE REPRODUCTION USING SPECIFIC COLOR SPACE 



(57) If an image reproducing apparatus has a de- 
vice-dependent color space conversion function that 
converts the color space of processing target image da- 
ta to a device-dependent color space using a particular 
color space, (i) reproduction image data is generated by 
carrying out basic color space conversion to image data 
for which the color space specified by color space iden- 
tification information is the standard colorspace, and (ii) 
reproduction image data is generated by carrying out 



device-dependent color space conversion to image data 
for which the specified color space is the particular color 
space. If the image reproducing apparatus does not 
have the device-dependent color conversion function, 
(i) reproduction image data is generated by carrying out 
basic color space conversion to image data for which 
the specified color space is the standard color space, 
but (ii) a notification indicating that the specified color 
space is not the standard color space is output where 
the specified color space is the particular color space. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a technology 
to reproduce images based on image data. 

BACKGROUND ART 

[0002] Images captured by an image generating de- 
vice such as a digital still camera or a video camera are 
reproduced by various types of image reproduction ap- 
paratus such as a computer or printer (see 
JP9-139876A or JP9-3221 1 4A). It is normally assumed 
that the image data created by the image generating de- 
vice will be reproduced using a standard color space 
such as the sRGB color space. For example, an image 
reproduction apparatus generates reproduction image 
data expressed in a standard color space by carrying 
out basic color space conversion to the image data cre- 
ated by the image generating device, and reproduces 
(i.e., displays or prints) images based on this reproduc- 
tion image data. 

[0003] Incidentally, there are cases in which a color 
space having a color reproduction range different from 
that of the standard color space (particularly a color 
space having a larger color reproduction range than the 
standard color space) is desired for image reproduction. 
For example, if it is specified in the image data file that 
the color space used when the image data was created 
is a particular color space different from the standard 
color space, the color reproduction range possessed by 
that particular color range can be used during reproduc- 
tion. 

[0004] However, color conversion to a particular color 
space is a complicated process, and due to restrictions 
in regard to processing time and memory capacity, de- 
pending on the image reproducing apparatus, it may or 
may not be possible for the particular color space to be 
used. Accordingly, demand has arisen for appropriate 
image reproduction in accordance with the functions of 
the image reproducing apparatus and the color space 
used during image data generation. Demand has also 
arisen for a capability that enables the user to acknowl- 
edge the color space associated with the images repro- 
duced by the image reproducing apparatus. 

DISCLOSURE OF THE INVENTION 

[0005] The present invention was devised in order to 
resolve the problems with the prior art described above, 
and a first object thereof is to provide a technology to 
appropriately carry out image reproduction in accord- 
ance with the color space specified as related to the 
functions of the image reproducing apparatus and the 
image data. A second object isto enablethe userto eas- 
ily acknowledge the color space associated with the im- 
ages reproduced by the image reproducing apparatus. 



[0006] In order to attain at least part of the above ob- 
ject, the first image reproducing apparatus according to 
the present invention is an apparatus for reproducing an 
image based on an image data set including image data 
5 and color space identification information that express- 
es a color space related to the data, where the data and 
information is associated with each other. The color 
space identification information can indicate which of 
multiple color spaces including a prescribed standard 
10 color space and a particular color space is to be used. 
The image reproducing apparatus comprises a data 
processor configured to select the image data as 
processing target image data and to generate reproduc- 
tion image data by executing processing including color 
15 space conversion to the processing target image data; 
and an image output device configured to output a vis- 
ible image in accordance with the reproduction image 
data. The data processor includes a color space deter- 
mination module configured to determine a color space 
20 specified by the color space identification information; 
and a color space converter having a basic color space 
conversion function that performs color space conver- 
sion of the processing target image data without using 
the particularcolor space, and a device-dependent color 
25 space conversion function that converts the processing 
target image data to a device-dependent color space 
compatible with the image output apparatus using the 
particular color space. The data processor executes: (i) 
when the color space specified by the color space iden- 
30 tif ication information is the standard color space, gener- 
ating the reproduction image data by performing the ba- 
sic color conversion to the processing target image data; 
and (ii) when the color space specified by the color 
space identification information is the particular color 
35 space, generating the reproduction image data by per- 
forming the device-dependent color conversion to the 
processing target image data. 

[0007] Because this first image reproducing appara- 
tus has a basic color space conversion function and a 
40 device-dependent color space conversion function, ap- 
propriate image reproduction can be carried out regard- 
less of whether the color space specified by the color 
space identification information is the standard color 
space or a different particular color space. More specif- 
45 ically, because (i) during reproduction of image data for 
which the color space specified by the color space iden- 
tification information is the standard color space, repro- 
duction image data is generated by carrying out basic 
color space conversion to the image data, but (ii) during 
50 reproduction of image data for which the color space 
specified by the color space identification information is 
a particular color space different from the standard color 
space, reproduction image data is generated by carry- 
ing out device-dependent color space conversion to the 
55 image data, appropriate image reproduction compatible 
with the specified color space for the image data can be 
performed in either case. 

[0008] The image data set may include main image 
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data that represents a main image and reduced image 
data that represents a reduced image of the main image. 
In this case, when the processing target image data is 
the main image data, the data processor executes the 
processing (i) or (ii) in accordance with the color space 
identification information. 

[0009] In the processing (ii) of the first image repro- 
ducing apparatus, the image processor may cause the 
image output apparatus to output a notification indicat- 
ing that the specified color space is not the standard 
color space. 

[001 0] According to this construction , because during 
reproduction of main image data for which the color 
space specified by the color space identification infor- 
mation is not the standard color space, a notification in- 
dicating that the specified color space is not the stand- 
ard color space is output, the user can acknowledge that 
the reproduced colors are not necessarily the colors that 
should be reproduced for that image data. 
[001 1 ] The data processor may execute (iii) when the 
processing target image data is the reduced image data, 
generating the reproduction image data by performing 
the basic color space conversion to the reduced image 
data regardless of whether or not the color space spec- 
ified by the color space identification information is the 
standard color space. 

[0012] According to this construction, reduced imag- 
es can be reproduced at high speed regardless of the 
color space specified by the color space identification 
information. 

[0013] In the processing (iii), the data processor may 
cause the image output apparatus to output together 
with the reduced image a notification indicating that the 
specified color space is not the standard color space. 
[001 4] According to this construction, the user can se- 
lect images and initiate processing with reference to this 
notification. 

[0015] The second image reproducing apparatus ac- 
cording to the present invention is an apparatus for re- 
producing an image based on an image data set includ- 
ing image data and color space identification informa- 
tion that expresses a color space related to the data, 
where the data and information is associated with each 
other. The color space identification information can in- 
dicate which of multiple color spaces including a pre- 
scribed standard color space and a particular color 
space is to be used. The image reproducing apparatus 
comprises: a data processor configured to selectthe im- 
age data as processing target image data and to gen- 
erate reproduction image data by executing processing 
including color space conversion to the processing tar- 
get image data; and an image output device configured 
to output a visible image in accordance with the repro- 
duction image data. The data processor includes: a 
color space determination module configured to deter- 
mine a color space specified by the color space identi- 
fication information; and a color space converter having 
a basic color space conversion function that performs 



color space conversion of the processing target image 
data without using the particular color space, but not 
having a device-dependent color space conversion 
function that converts the processing target image data 
5 to a device-dependent color space compatible with the 
image output apparatus using the particular color space. 
The data processor executes: (i) when the color space 
specified by the color space identification information is 
the standard color space, generating the reproduction 
image data by performing the basic color conversion to 
the processing target image data; and (ii) when the color 
space specified by the color space identification infor- 
mation is the particular color space, causing the image 
output apparatus to output a notification indicating that 
the specified color space is not the standard color 
space. 

[001 6] Because this second image reproducing appa- 
ratus has a basic color space conversion function but 
does not have a device-dependent color space conver- 
sion function, appropriate image reproduction can be 
carried out where the color space specified by the color 
space identification information is the standard color 
space, but conversely, appropriate image reproduction 
cannot be carried out where the specified color space 
is a particular color space. Accordingly, when reproduc- 
ing image data for which the color space specified by 
the color space identification information is a particular 
color space different from the standard color space, the 
user can acknowledge this fact through the output of a 
notification indicating that the specified color space is 
not the standard color space. 

[0017] A digital camera according to the present in- 
vention comprises: a memory for storing image data and 
color space identification information that expresses a 
color space related to the image data; an image display 
unit configured to display images; and a reproduction 
processor configured to cause the image display unit to 
display an image based on image data stored in the 
memory. Te reproduction processor displays together 
with the image a notification that identifies the color 
space specified by the color space identification infor- 
mation. 

[0018] Because this digital camera displays both an 
image and the associated color space on the image dis- 
play unit, the color space for the image can be easily 
acknowledged by the user prior to output of the image 
to a different image output device (such as a printer or 
display device). 

[0019] The present invention may be realized in vari- 
ous forms, such as an image reproduction method and 
image reproducing apparatus, a computer program that 
implements the functions of this method or apparatus, 
or a recording medium on which this computer program 
is recorded. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0020] 

Fig. 1 is an explanatory drawing showing the con- 
struction of an image generation/reproduction sys- 
tem comprising an embodiment of the present in- 
vention; 

Fig. 2 is an explanatory drawing showing the con- 
struction of an image data file MF; 
Fig. 3 is a block diagram showing the construction 
of an image reproducing apparatus that is compat- 
ible with an expanded color space wRGB; 
Fig. 4 is a block diagram showing the construction 
of an image reproducing apparatus that is not com- 
patible with an expanded color space wRGB; 
Fig. 5 is a flow chart showing the sequence of op- 
erations of a thumbnail image reproduction routine 
executed by an expanded color space-compatible 
image reproducing apparatus; 
Fig. 6 is an explanatory drawing showing an exam- 
ple of the display of thumbnail images on an ex- 
panded color space-compatible image reproducing 
apparatus; 

Fig. 7 is a flow chart showing the sequence of op- 
erations of a main image reproduction routine exe- 
cuted by the expanded color space-compatible im- 
age reproducing apparatus; 
Figs. 8A and 8B are explanatory drawings showing 
examples of the display of a main image on the ex- 
panded color space-compatible image reproducing 
apparatus; 

Fig. 9 is a flow chart showing the sequence of op- 
erations of a main image reproduction routine exe- 
cuted by the expanded color space-incompatible 
image reproducing apparatus; 
Figs. 10A and 10B are explanatory drawings of an 
example of the display during main image reproduc- 
tion on the expanded color space-compatible image 
reproducing apparatus; 

Fig. 1 1 is a block diagram showing the construction 
of a printer that is compatible with an expanded 
color space; 

Fig. 1 2 is a block diagram showing the construction 
of a printer that is not compatible with an expanded 
color space; 

Fig. 13 is an explanatory drawing showing an ex- 
ample in which multiple thumbnail images are print- 
ed by a printer onto a printing medium PM; and 
Fig. 14 is an explanatory drawing showing an ex- 
ample in which an image and its associated color 
space are displayed on an image display unit dis- 
posed on the back surface of a digital camera 1 00. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0021] Embodiments of the present invention will be 
described below in the following sequence. 



A. Construction of apparatus 

B. Image reproduction by expanded color space- 
compatible image reproducing apparatus 

C. Image reproduction by expanded color space- 
5 incompatible image reproducing apparatus 

D. Example of application to printer 

E. Variations 

A. Construction of apparatus 

10 

[0022] Fig. 1 is an explanatory drawing showing the 
construction of an image generation/reproduction sys- 
tem embodying the present invention. This system in- 
cludes a digital camera 1 00, a computer200 and a print- 
's er 300. The digital camera 100 functions as an image 
generating device, while the computer 200 and the print- 
er 300 respectively function as image reproducing ap- 
paratuses. Image data file MF generated by the digital 
camera 1 00 is supplied to the computer 200 or the print- 
20 er300 and reproduced thereby. In this Specification, 're- 
production' includes display on a monitor and printing. 
The description below refers mainly to image reproduc- 
tion using the computer 200. 

[0023] Fig. 2 is an explanatory drawing showing the 
25 construction of the image data file MF. This image data 
file MF includes color space information CSI, main im- 
age data MM and thumbnail image data TM. The main 
image data MM and thumbnail image data TM ordinarily 
have a compressed data file format (such as JPEG, for 
30 example). Because a thumbnail image is simply a main 
image that is reduced in size, it is also called a 'reduced 
image' herein. 

[0024] The color space information CSI is information 
that expresses the color space (hereinafter the 'speci- 

35 fjed color space') that is specified as relating to the im- 
age data (the main image data MM or thumbnail image 
data TM). Specifically, the color space information CSI 
includes, for example, a color space tag CST, the repro- 
duction gradation curve characteristic or tone curve, ref- 

40 erence white point chromaticity coordinate values and 
primary color chromaticity coordinate values. The pri- 
mary color chromaticity coordinate values include the 
chromaticity coordinate values for the three primary 
colors of RGB. Typically, the color space specified by 

45 the color space information CSI expresses the color 
space used when the image data was created. 
[0025] The value of the color space tag CST indicates 
the type of color space. Specifically, the color space can 
be determined in accordance with the value of the color 

50 space tag CST as indicated below, for example: 

(1 ) CST = 1 : Standard color space 

(2) CST = 2 : Expanded color space. 

55 [0026] In the description below, the sRGB color 
space, which is the standard color space used by the 
monitor, is used as the standard color space. For the 
expanded color space, AdobeRGB (trademark of Adobe 
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Corporation), for example, may be used. In the descrip- 
tion below, the expanded color space will be called the 
'wRGB color space 1 and the standard color space will 
be called the 'sRGB color space'. Non-standard color 
spaces that can be specified using the color space tag 
CST are not limited to the expanded color space wRGB, 
and in general any particular color space having a color 
reproduction range different from that of the standard 
color space may be used. In addition, the number of 
color spaces that may be specified using the color space 
tag CST is not limited to two, and in general the color 
space tag CST may specify any of multiple color spaces. 
[0027] The other parameter values included in the 
color space information CSI (reproduction gradation 
curve characteristic, reference white point chromaticity 
coordinate values, and primary color chromaticity coor- 
dinate values) are used as a color space conversion pro- 
file to generate a color space conversion matrix. 
[0028] Fig. 3 is a block diagram showing the construc- 
tion of an image reproducing apparatus 200 compatible 
with the expanded color space wRGB. This image re- 
producing apparatus 200 includes a data processor 220 
and a monitor (image display device) 250. The data 
processor 220 has a data decompressor 222, three 
color space converters 224, 226, 228, a color space de- 
termination module 230 and an output controller 240. 
The data processor 220 selects either the main image 
data MM or the thumbnail image dataTM as processing 
target image data and executes reproduction process- 
ing thereto. 

[0029] The colorspace determination module 230 de- 
termines the specified color space from the color space 
information CSI pertainingto the image datafile MF (see 
Fig. 2). The color space determination module 230 has 
a function to create an expanded color space wRGB 
conversion matrix MX2 and provide it to the second 
color space converter 226 if the specified color space is 
the expanded color space wRGB, and a function to pro- 
vide warning display data (described below) to the out- 
put controller 240. 

[0030] The data decompressor 222 decompresses 
the compressed image data (the main image data MM 
or the thumbnail image data TM) to be processed and 
generates decompressed data MMa. As is well known, 
JPEG compressed data is expressed in the YCrCb color 
space. 

[0031] The first color space converter 224 subjects 
this decompressed data MMa to colorspace conversion 
using a basic matrix MX1 and generates image data 
MMb expressed in the RGB color space. The basic ma- 
trix MX1 is used to convert the YCrCb color space to the 
RGB color space, and is pre-registered in the data de- 
compressor 222. The image data MMb generated by 
this first color space converter 224 is expressed in the 
color space specified by the color space tag CST. In oth- 
er words, the image data MMb is data expressed in the 
standard color space sRGB where the specified color 
space is the standard color space sRGB, and is ex- 



pressed in the expanded color space wRGB where the 
specified color space is the expanded color space 
wRGB. 

[0032] In this embodiment, the standard color space 
5 sRGB is the color space suitable for the monitor 250 (i. 
e.. it is the device-dependent colorspace forthe monitor 
250). Therefore, where the specified colorspace forthe 
processing target image data is the standard color 
space sRGB, the output controller 240 outputs the im- 
10 age to the monitor 250 using the image data MMb ob- 
tained by the first color space converter 224. On the oth- 
er hand, where the specified color space for the 
processing target image data is the expanded color 
space wRGB, additional colorspace conversion is car- 
15 ried out by the second and third color space converters 
226, 228 to the image data MMb obtained by the first 
color space converter 224. 

[0033] The second color space converter 226 con- 
verts the image data MMb expressed in the expanded 

20 color space wRGB to a device-independent color space 
(in this embodiment, the XYZ color space). The conver- 
sion matrix MX2 used by the second color space con- 
verter 226 is provided by the color space determination 
module 230. This conversion matrix MX2 is generated 

25 from the reference white point chromaticity coordinate 
values and the primary color chromaticity values in the 
color space information CSI. Gradation conversion in 
accordance with the reproduction gradation curve char- 
acteristic is also carried out where necessary by the sec- 

30 ond color space converter 226. This is also true for other 
types of color space conversion. 
[0034] The third color space converter 228 converts 
the image data MMc expressed in the XYZ color space 
to the device-dependent color space forthe monitor 250 

35 (in this embodiment, the sRGB color space). The con- 
version matrix MX3 used by the third color space con- 
verter 228 is stored in advance in the third color space 
converter 228. The image data MMd generated by the 
third color space converter 228 is provided to the output 

40 controller 240 and the image is output in accordance 
therewith to the monitor 250. 

[0035] As described above, where the specified color 
space for the processing target image data is the ex- 
panded color space wRGB, an expanded color space- 
rs compatible image reproducing apparatus performs ad- 
ditional color space conversion using the fact that the 
image data MMb obtained by the first color space con- 
verter 224 is expanded color space wRGB data, and 
converts this data to the device-dependent color space 
50 sRGB. In other words, the expanded color space-com- 
patible image reproducing apparatus 200 has a device- 
dependent color space conversion function to convert 
the color space to the device-dependent color space 
(sRGB) through use of the expanded color space 
55 wRGB. Therefore, where the specified color space for 
the processing target image data is the expanded color 
space wRGB, colors can be faithfully reproduced. More- 
over, where the specified color space for the processing 
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target image data is the standard color space sRGB, 
colors can be faithfully reproduced by performing basic 
color space conversion via the first color space convert- 
er 224. 

[0036] The three color space conversions carried out 
by the three color space converters 224, 226, 228 may 
be combined into a single color space conversion. 
[0037] All or part of the functions of the constituent 
elements of the above-described data processor 220 
may be implemented by computer programs, for exam- 
ple. These computer programs may be provided in the 
form of programs recorded on a computer-readable re- 
cording medium such as a flexible disk or a CD-ROM. 
[0038] Fig. 4 is a block diagram showing the construc- 
tion of an image reproducing apparatus 200a that is not 
compatible with the expanded color space wRGB. The 
only difference between the image reproducing appara- 
tus 200a and the apparatus 200 is that the apparatus 
200a does not have the second and third color space 
converters 226, 228, and the two apparatuses are oth- 
erwise identical. This expanded color space wRGB-in- 
compatible image reproducing apparatus 200a does not 
have the function to convert the color space for the 
processing target image data to the device-dependent 
color space (sRGB) through use of the expanded color 
space wRGB. Accordingly, in this expanded color 
space-incompatible image reproducing apparatus 
200a, the image is displayed on the monitor 250 in ac- 
cordance with the image data MMb generated by the 
first color space converter 224 without regard to whether 
such image data MMb is standard color space sRGB 
data or expanded color space wRGB data. Therefore, 
colors can be faithfully reproduced if the specified color 
space is the standard color space sRGB, but cannot be 
faithfully reproduced if the specified color space is the 
expanded color space wRGB. 

B. Image reproduction in expanded color space- 
compatible image reproducing apparatus 

[0039] Fig. 5 is a flow chart showing the sequence of 
operations of a thumbnail image reproduction routine 
executed in the expanded color space-compatible im- 
age reproducing apparatus 200 (see Fig. 3). In step S1 , 
the data decompressor 222 (see Fig. 3) decompresses 
the thumbnail image data TM (see Fig. 2) and the first 
color space converter 224 generates image data MMb 
by executing basic color space conversion. In step S2, 
this image data MMb is provided from the output con- 
troller 240 to the monitor 250 and a thumbnail image is 
displayed. In step S3, when display of the next thumb- 
nail image is requested, the image reproducing appara- 
tus 200 returns to step S1 and the processing of steps 
S 1 and S2 is repeated. 

[0040] Fig. 6 is an explanatory drawing showing an 
example of the display of thumbnail images. Here, mul- 
tiplethumbnail images are displayed in a single window. 
In addition, thefile name of each thumbnail image is dis- 



played adjacent thereto. Such thumbnail image display 
may be carried out by displaying multiple thumbnail im- 
ages simultaneously as shown above, or by displaying 
individual thumbnail images in succession at high speed 
5 (via so-called 'frame advance 1 ). In either case, the 
thumbnail images are reproduced using the sequence 
of operations shown in Fig. 5. 

[0041] When thumbnail images are reproduced in the 
expanded color space-compatible image reproducing 
10 apparatus 200 as described above, because image re- 
production is carried out without determination of the 
color space using the color space information CSI, im- 
ages can be reproduced at high speed. Incidentally, if 
the specified color space for a thumbnail image com- 
15 prising the target of processing is the expanded color 
space wRGB, the image data MMb obtained by the first 
color space converter 224 is expanded color space 
wRGB data. When the thumbnail image is displayed in 
accordance with this image data MMb, it is displayed 
20 using colors that deviate slightly from the correct colors. 
However, because thumbnail images are displayed in a 
simplified fashion to enable selection and checking of 
images, reproduction speed is generally more important 
that image quality. Therefore, as described in connec- 
ts tion with this embodiment, it is preferred that the thumb- 
nail images be reproduced at high speed by carrying out 
only basic color space conversion rather than color 
space conversion to a device-dependent color space. 
In addition, when thumbnail image reproduction is car- 
30 ried out, it is preferred that the processing be executed 
with an emphasis on high speed, without involving a 
check of the color space information (i.e., color space 
determination). 

[0042] Fig. 7 is a flow chart showing the sequence of 

35 operations of a main image reproduction routine execut- 
ed by the expanded color space-compatible image re- 
producing apparatus 200. In step S11 , the color space 
determination module 230 obtains the color space infor- 
mation CSI from the image datafile MF (see Fig. 2), and 

40 in step S12, it determines the specified color space. If 
the specified color space is the standard color space 
sRGB, data decompression and basic color space con- 
version are carried out (step S1 3) and an image is output 
in accordance with the obtained image data MMb (step 

45 S1 4). If the specified color space is the expanded color 
space wRGB, on the other hand, data decompression 
and device-dependent color space conversion via the 
three color space converters 224, 226, 228 are carried 
out (step S15), and an image is output in accordance 

50 with the obtained image data MMb (step S1 6). Simulta- 
neously with this output, a warning (or notification) indi- 
cating that the specified color space is not the standard 
color space sRGB is output together with the image. 
[0043] Figs. 8A and 8B are explanatory drawings 

55 showing examples of the display of a main image dis- 
played on the monitor 250 of the expanded color space- 
compatible image reproducing apparatus 200. Fig. 8A 
shows the case in which the specified color space is the 
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standard color space sRGB, while Fig. 8B shows the 
case in which the specified color space is the expanded 
color space wRGB. In the example shown in Fig. 8B, 
the main image is displayed based on wRGB image da- 
ta, but because the color reproduction range of the mon- 
itor250 is based on thesRGB color space and is smaller 
than that of the wRGB color space, some of the colors 
may not be displayed correctly. Accordingly, where the 
specified color space is the expanded color space 
wRGB, it is preferred that a warning (or notification) be 
displayed indicating that the specified color space is not 
the standard color space sRGB. Such a display enables 
the user to be notified that the colors of the displayed 
image are different from the original colors that should 
be used to reproduce the image. While this warning or 
notification need not be displayed on the screen, it is 
preferred that some sort of notification be displayed in- 
dicating at least that the displayed image is based on 
expanded color space wRGB image data. 
[0044] Where thumbnail images are reproduced in 
the expanded color space-compatible image reproduc- 
ing apparatus 200 as described above, they are dis- 
played at high speed irrespective of the specified color 
space for the image data, and when main images are 
reproduced, the main images are displayed as faithfully 
as possible taking into account the specified color space 
for the image data. In other words, both high-speed re- 
production of thumbnail images and high-quality repro- 
duction of main images can be realized. 

C. Image reproduction by expanded color space- 
incompatible image reproducing apparatus 

[0045] The sequence of operations and image display 
results pertainingto thumbnail image reproduction in the 
expanded color space-incompatible image reproducing 
apparatus 200a (see Fig. 4) are the same as those per- 
tainingto thumbnail image reproduction intheexpanded 
color space-compatible image reproducing apparatus 
200 described above with reference to Figs. 5 and 6. In 
other words, thumbnail images are displayed at high 
speed in the expanded color space-incompatible image 
reproducing apparatus 200a as well. 
[0046] Fig. 9 is a flow chart showing the sequence of 
operations of a main image reproduction routine by the 
expanded color space-incompatible image reproducing 
apparatus 200a. The obtaining of color space informa- 
tion (step S21) and the determination of the specified 
color space (step S22) are identical to the correspond- 
ing steps S11 and S12 shown in Fig. 7. In addition, the 
operations of steps S23 and S24 where the specified 
color space is the standard color space sRGB are iden- 
tical to the operations of steps S 13 and S 14 shown in 
Fig. 7. Fig. 1 0A is an example of the display of a main 
image in this case, and is identical to Fig. 8A. 
[0047] In step S22, where the specified color space is 
the expanded color space wRGB, only a warning (or no- 
tification) is displayed on the monitor 250 in step S25. 



Fig. 1 0B shows an example of this warning. Here, a text 
message is displayed indicating that the image data 
cannot be correctly reproduced because the specified 
color space for the processing target image data is not 
5 the standard color space sRGB. In addition, a button B 
1 disposed belowthis warning enables the userto cause 
the standard color space sRGB to be deemed the spec- 
ified color space for the image data and to cause the 
image to be forcibly displayed using this color space. 
10 When the user clicks on this button B1 , the steps S23 
and S24 are executed and the main image is displayed. 
However, in this case, because device-dependent color 
space conversion cannot be carried out using the ex- 
panded color space wRGB, the displayed colors may 
15 deviate substantially from the correct colors. 

[0048] Where a main image is reproduced in the ex- 
panded color space-incompatible image reproducing 
apparatus 200a as described above, because a warning 
or notification is displayed when the specified color 
20 space for the processing target image data is not the 
standard color space sRGB, the user can be prevented 
from mistakenly carrying out processing believing that 
the processing target image data is based on the stand- 
ard color space sRGB. 
25 [0049] It is acceptable if the warning shown in Fig. 1 0B 
is not displayed, the specified color space is deemed 
the standard color space sRGB, and the main image is 
directly reproduced via the processing of steps S23 and 
S24. However, in this case as well, it is preferred that a 
30 notification be displayed together with the main image 
indicating that the specified color space is not the stand- 
ard color space. 

D. Example of application to printer 

35 

[0050] Fig. 11 is a block diagram showing the con- 
struction of a printer 300 that is compatible with an ex- 
panded color space. The data processor 220b of this 
printer 300 has, in addition to constituent elements of 

40 the data processor 220 shown in Fig. 3, a lookup table 
260 and a halftone processor 262. The nature of the 
processing performed by the third color space converter 
228b is rather different from that performed by the third 
color space converter 228 shown in Fig. 3. while all other 

45 aspects of the third color space converter 228b are iden- 
tical to those of the third color space converter 228 
shown in Fig. 3. The functions of the data processor 
220b are realized through a so-called 'printer driver 1 . 
[0051] The third color space converter 228b has a 

50 function to convert the XYZ color space to an RGB color 
space compatible with the color reproduction range of 
the printer 300 (termed the 'pRGB color space' below). 
A color space identical to the expanded color space 
wRGB may be used as the printer color space pRGB. 

55 This color space conversion is determined in advance 
in accordance with the ink set of the printer 300, and the 
conversion matrix MX3b for this conversion is stored in 
advance in the third color space converter 228b. 



25 
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[0052] The lookup table 260 is used to convert the 
RGB color space to the CMYK color space, and is atype 
of color space converter. Where the specified color 
space for the processing target image data is the stand- 
ard color space sRGB, the image data MMb generated 
by the first color space converter 224 is input to the 
lookup table 260 and converted to image data MMf ex- 
pressed in the CMYK color space. Where the specified 
color space for the processing target image data is the 
expanded color space wRGB, on the other hand, the 
image data MMe generated by the third color space con- 
verter 228b is input to the lookup table 260 and convert- 
ed to CMYK color space image data MMf. It is preferred 
that a table for sRGB data and a table for pRGB data 
be separately prepared in advance as lookup tables 
260. 

[0053] In this data processor 228b, the combination 
of color space conversion by the first color space con- 
verter 224 and color space conversion using the lookup 
table 260 is equivalent to basic color space conversion 
(i.e., color space conversion not using the expanded 
color space wRGB). Furthermore, the combination of 
color space conversion by the first through third color 
space converters 224, 226, 228 and color space con- 
version using the lookup table 260 are equivalent to de- 
vice-dependent color space conversion (i.e., color 
space conversion using the expanded color space 
wRGB). 

[0054] The halftone processor 262 generates print 
data PD by carrying out halftone processing of the im- 
age data MMf generated by the lookup table 260. This 
print data PD is provided from the output controller 240 
to a printing execution unit 31 0, which carries out print- 
ing. The printing execution unit 31 0 has various constit- 
uent elements such as a main scanning drive mecha- 
nism, sub-scanning drive mechanism, print head, print 
head and drive circuit, but further description thereof is 
omitted here. 

[0055] When thumbnail images are to be printed, this 
printer 300 can carry out printing based on the sequence 
of operations shown in Fig. 5, while when a main image 
is to be printed, the printer 300 can execute printing 
based on the sequence of operations shown in Fig. 7. 
Therefore, thumbnail images can be printed at high 
speed, while main images can be printed with high im- 
age quality. When printing is performed by the printer 
300, rather than being printed onto the printing medium 
together with the warning as in step S 1 6 in Fig. 7, it is 
acceptable if the image is printed onto the printing me- 
dium without the warning, which is displayed only on- 
screen. The warning screen display may be carried out 
on the screen of the operation member of the printer 
300, for example, or may be carried out on the monitor 
of a computer on which the printer driver (the data proc- 
essor 220b of Fig. 11) is installed. 
[0056] Fig. 12 is a block diagram showing the con- 
struction of an expanded color space-incompatible 
printer 300a. This printer differs from the printer 300 



shown in Fig. 11 only in that it has no second and third 
color space converters 226, 228b, and is otherwise 
identical thereto. This expanded color space-incompat- 
ible printer 300a, like the image reproducing apparatus 
5 200a shown in Fig. 4, prints images in accordance with 
the image data MMb generated by the first color space 
converter 224 irrespective of whether the image data 
MMb is standard color space sRGB data or expanded 
color space wRGB data. Therefore, it can faithfully re- 
10 produce the image colors if the specified color space is 
the standard color space sRGB, but cannot faithfully re- 
produce the image colors if the specified color space is 
the expanded color space wRGB. 
[0057] When thumbnail images are to be printed, this 
15 expanded color space-incompatible printer 300a can 
carry out printing based on the sequence of operations 
shown in Fig. 5, while when a main image is to be print- 
ed, the expanded colorspace-incompatible printer 300a 
can execute printing based on the sequence of opera- 
te? tions shown in Fig. 9. In this case, it is preferred that the 
warning be displayed onscreen in step S25 in Fig. 9 rath- 
er than printed. 

[0058] When printing of images is carried out via the 
printers in Figs. 11 or 12, it may be convenient for the 

25 specified color space for the image data to be displayed 
at a position adjacent to the printed image. Fig. 13 
shows an example in which multiple thumbnail images 
are printed onto the printing medium MP by a printer. 
Here, the file name of the thumbnail image file and the 

30 description of the specified color space are printed at a 
position adjacent to (specifically, directly below) each 
thumbnail image. 

[0059] However, the description of the specified color 
space is omitted if the specified color space is the stand- 

35 ard color space sRGB, and is displayed only if the spec- 
ified color space is the expanded color space wRGB. 
Alternatively, it is acceptable if the description of the 
specified color space is displayed at a position adjacent 
to each image at all times. Where image data files are 

40 used, such a practice offers the benefit of enabling im- 
ages to be selected and processed with reference to 
their color space. 

[0060] The display of the specified color space as 
shown in Fig. 13 is not limited to thumbnail images, and 
45 may be carried out where main images are printed as 
well. It is also acceptable if the specified color space is 
simultaneously displayed when a main image orthumb- 
nail images are displayed in the image reproducing ap- 
paratuses shown in Fig. 3 and Fig. 4. 

50 

E. Variations 

[0061] The present invention is not limited to the em- 
bodiments and examples described above, and may be 
55 realized in various forms within the essential scope 
thereof. The following variations are possible, for exam- 
ple. 
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E1 . Variation 1 

[0062] The color space information may take various 
forms other than the form described in connection with 
the above embodiments. Moreover, rather than storing 
the color space information in the image data file, part 
of the file name of the image data file may be used as 
the color space information. For example, the specified 
color space may be expressed by an extension to the 
file name of the image file. In this case, it is preferred 
that the color space conversion profile used when the 
specified color space is a particular color space different 
from the standard color space be stored in advance in 
the image reproducing apparatus. This construction of- 
fers the advantage of eliminating the need for a color 
space conversion profile to be stored in each individual 
image data file MR 

[0063] It is furthermore acceptable if the color space 
information is created separately from the image data 
and the two are mutually associated with each other. In 
this case, a construction involving an image data set in 
which the main image data, the thumbnail image data 
(reduced image data) and the color space information 
are mutually associated is preferred. The image data file 
described in connection with the above embodiments is 
also a type of image data set in which the main image 
data, thumbnail image data and color space information 
are mutually associated with each other. An image data 
set need not include both main image data and thumb- 
nail image data : and may include only one of these (i. 
e., the main image data only). 

E2. Variation 2 

[0064] In the above embodiments, where the 
processing target image data was main image data, the 
specified color space was determined based on the 
color space information, while determination of the 
specified color space was not performed where the 
processing target image data was thumbnail image da- 
ta, but specified color space determination may be car- 
ried out only where it is deemed necessary by the data 
processor. However, it is preferred that specified color 
space determination be carried out at least where main 
images are to be reproduced. 

E3. Variation 3 

[0065] In the above embodiments, thumbnail image 
data was created by the digital camera 1 00 comprising 
an image generating device, but it is acceptable if main 
image data and color space identification information, 
but not thumbnail image data, are created in the image 
generating device, and the thumbnail image data is cre- 
ated from the main image data by a different application 
program such as viewing software. In this case as well, 
because the main image data, thumbnail image data 
and color space identification information are mutually 



associated with each other, processing identical to that 
described in connection with the above embodiments 
may be carried out during image reproduction. 

5 E4. Variation 4 

[0066] The display-equipped digital camera 100 can 
also be used as the image reproducing apparatus in the 
above embodiments. For example, where an image dis- 
10 play unit (corresponding to the image output apparatus 
in the above embodiments) is disposed on the back of 
the digital camera 100, when an image is displayed on 
this image display unit, the digital camera 1 00 may func- 
tion as the expanded color space-compatible image 
15 generating device or as the expanded color space-in- 
compatible image generating device described in con- 
nection with the above embodiments. 
[0067] Moreover, when an image (a main image or 
thumbnail image) is displayed, a notification that identi- 
20 fjes the color space specified by the color space infor- 
mation may be displayed together with the image. Fig. 
14 shows an example in which the image and associat- 
ed color space are displayed on the image display unit 
disposed on the back of the digital camera 1 00. The im- 
25 age data captured by the digital camera 1 00 and its as- 
sociated color space information are stored in a memory 
1 30. A reproduction processor 1 20 performs processing 
to display on the image display unit 110 the image and 
color space in accordance with the image data and color 
30 space information. The specified color space may be 
displayed on the image display unit not only during im- 
age display but also atthetime of image capture. If some 
sort of display identifying the specified color space is 
displayed on the image display unit together with the im- 
35 age, because the user can acknowledge the color space 
of the image prior to output of the image to a different 
image output apparatus (such as a printer or display de- 
vice), an appropriate output method or output apparatus 
can be selected. 
40 [0068] In this Specification, 'digital camera' includes 
both a digital still camera that captures still images and 
a digital video camera that captures moving images. 

INDUSTRIAL APPLICABILITY 

45 

[0069] The present invention may be applied in an im- 
age processing apparatus, an image reproducing appa- 
ratus, a digital camera or the like. 



Claims 

1. An image reproducing apparatus for reproducing an 
image based on an image data set including image 
data and color space identification information that 
expresses a color space related to the data, the da- 
ta and information being associated with each oth- 
er, wherein the color space identification informa- 
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tion can indicate which of multiple color spaces in- 
cluding a prescribed standard color space and a 
particular color space is to be used, the image re- 
producing apparatus comprising: 

5 

a data processor configured to select the image 
data as processing target image data and to 
generate reproduction image data by executing 
processing including color space conversion to 
the processing target image data; and 10 
an image output device configured to output a 
visible image in accordance with the reproduc- 
tion image data, 
the data processor including: 

15 

a color space determination module con- 
figured to determine a color space speci- 
fied by the color space identification infor- 
mation; and 

a color space converter having a basic 20 
color space conversion function that per- 
forms color space conversion of the 
processing target image data without using 
the particular colorspace, and a device-de- 
pendent color space conversion function 25 
that converts the processing target image 
data to a device-dependent color space 
compatible with the image output appara- 
tus using the particular color space, and 

30 

the data processor executing: 



color space is not the standard color space. 

4. An image reproducing apparatus according to 
Claim 2 or Claim 3, wherein the data processor ex- 
ecutes: 

(iii) when the processing target image data is 
the reduced image data, generating the repro- 
duction image data by performing the basic 
color space conversion to the reduced image 
data regardless of whether or not the color 
space specified by the color space identifica- 
tion information is the standard color space. 

5. An image reproducing apparatus according to 
Claim 4, wherein in the processing (iii), the data 
processor causes the image output apparatus to 
output together with the reduced image a notifica- 
tion indicating that the specified color space is not 
the standard color space. 

6. An image reproducing apparatus for reproducing an 
image based on an image data set including image 
data and color space identification information that 
expresses a color space related to the data, the da- 
ta and information being associated with each oth- 
er, wherein the color space identification informa- 
tion can indicate which of multiple color spaces in- 
cluding a prescribed standard color space and a 
particular color space is to be used, the image re- 
producing apparatus comprising: 



(i) when the color space specified by the 
colorspace identification information is the 
standard color space, generating the re- 35 
production image data by performing the 
basic color conversion to the processing 
target image data; and 

(ii) when the color space specified by the 
color space identification information is the 40 
particular color space, generating the re- 
production image data by performing the 
device-dependent color conversion to the 
processing target image data. 

45 

2. An image reproducing apparatus according to 
Claim 1 , wherein the image data set includes main 
image data that represents a main image and re- 
duced image data that represents a reduced image 

of the main image, and when the processing target 50 
image data is the main image data, the data proc- 
essor executes the processing (i) or (ii) in accord- 
ance with the color space identification information. 

3. An image reproducing apparatus according to 55 
Claim 2, wherein in the processing (ii), the image 
processor causes the image output apparatus to 
output a notification indicating that the specified 



a data processor configured to selectthe image 
data as processing target image data and to 
generate reproduction image data by executing 
processing including color space conversion to 
the processing target image data; and 
an image output device configured to output a 
visible image in accordance with the reproduc- 
tion image data, 
the data processor including: 

a color space determination module con- 
figured to determine a color space speci- 
fied by the color space identification infor- 
mation; and 

a color space converter having a basic 
color space conversion function that per- 
forms color space conversion of the 
processing target image data without using 
the particular color space, but not having a 
device-dependent color space conversion 
function that converts the processing tar- 
get image data to a device-dependent 
color space compatible with the image out- 
put apparatus using the particular color 
space, and 
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the data processor executing: 

(i) when the color space specified by the 
color space identification information is the 
standard color space, generating the re- 5 
production image data by performing the 
basic color conversion to the processing 
target image data; and 

(ii) when the color space specified by the 
color space identification information is the 10 
particular color space, causing the image 
output apparatus to output a notification in- 
dicating that the specified color space is 

not the standard color space. 

15 

7. An image reproducing apparatus according to 
Claim 6, wherein the image data set includes main 
image data that represents a main image and re- 
duced image data that represents a reduced image 

of the main image, and when the processing target 20 
image data is the main image data, the data proc- 
essor executes the processing (i) or (ii) in accord- 
ance with the color space identification information. 

8. An image reproducing apparatus according to 25 
Claim 7, wherein the data processor executes: 

(iii) when the processing target image data is 
the reduced image data, generating the repro- 
duction image data by performing the basic 30 
color space conversion to the reduced image 
data regardless of whether or not the color 
space specified by the color space identifica- 
tion information is the standard color space. 

35 

9. A digital camera comprising: 

a memory for storing image data and color 
space identification information that expresses 
a color space related to the image data; 40 
an image display unit configured to display im- 
ages; and 

a reproduction processor configured to cause 
the image display unit to display an image 
based on image data stored in the memory, 45 

wherein the reproduction processor displays 
together with the image a notification that identifies 
the color space specified by the color space identi- 
fication information. 50 

10. A method for reproducing images, comprising the 
steps of: 

(a) providing an image data set including image 55 
data and color space identification information 
that expresses a color space related to the da- 
ta, the data and information being associated 



with each other, wherein the color space iden- 
tification information indicates which of multiple 
color spaces including a prescribed standard 
color space and a particular color space is to 
be used; 

(b) selecting the image data as processing tar- 
get image data and to generate reproduction 
image data by executing processing including 
color space conversion to the processing target 
image data; and 

(c) outputting a visible image based on the re- 
production image data, wherein the step (b) in- 
cludes the steps of: 

(b1) determining the color space specified 
by the color space identification informa- 
tion; and 

(b2) executing one of either basic color 
space conversion that performs color 
space conversion of the processing target 
image data without using the particular 
color space or device-dependent color 
conversion that converts the color space 
for the processing target image data to a 
device-dependent color space compatible 
with the image output apparatus using the 
particular color space, and 

the step (b2) includes the steps of: 

(i) when the color space specified by the 
color space identification information is the 
standard color space, generating the re- 
production image data by performing the 
basic color conversion to the processing 
target image data; and 

(ii) when the color space specified by the 
color space identification information is the 
particular color space, generating the re- 
production image data by performing the 
device-dependent color conversion to the 
processing target image data. 

11. An image reproduction method according to Claim 

1 0, wherein the image data set includes main image 
data that represents a main image and reduced im- 
age data that represents a reduced image of the 
main image, and when the processing target image 
data is the main image data, the processing (i) or 
(ii) is executed in accordance with the color space 
identification information. 

12. An image reproduction method according to Claim 

1 1 , wherein the step (ii) includes the step of output- 
ting a notification indicating that the specified color 
space is not the standard color space. 

13. An image reproduction method according to Claim 
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1 1 or Claim 1 2, wherein the step (b) further includes 
the step of (iii) when the processing target image 
data is the reduced image data, generating the re- 
production image data by performing the basic color 
space conversion to the reduced image data re- 5 
gardless of whether or not the color space specified 
by the color space identification information is the 
standard color space. 

14. An image reproduction method according to Claim 10 
1 3, wherein the step (iii) includes the step of output- 
ting together with the reduced image a notification 
indicating that the specified color space is not the 
standard color space. 

15 

15. A method for reproducing images, comprising the 
steps of: 

(a) providing an image data set including image 
data and color space identification information 20 
that expresses a color space related to the da- 
ta, the data and information being associated 
with each other, wherein the color space iden- 
tification information indicates which of multiple 
color spaces including a prescribed standard 25 
color space and a particular color space is to 

be used; 

(b) selecting the image data as processing tar- 
get image data and to generate reproduction 
image data by executing processing including 30 
color space conversion to the processing target 
image data; and 

(c) outputting a visible image based on the re- 
production image data, wherein the step (b) in- 
cludes the steps of: 35 

(b1) determining the color space specified 
by the color space identification informa- 
tion; 

(b2) when the color space specified by the 40 
color space identification information is the 
standard color space, generating the re- 
production image data by carrying out the 
basic color space conversion to the 
processing target image data; and 45 
(b3) when the color space specified by the 
color space identification information is the 
particular color space, outputting a notifi- 
cation indicating that the specified color 
space is not the standard color space. 50 

16. An image reproduction method according to Claim 
1 5, wherein the image data set includes main image 
data that represents a main image and reduced im- 
age data that represents a reduced image of the 55 
main image, and when the processing target image 
data is the main image data, the processing (i) or 

(ii) is executed in accordance with the color space 



identification information. 

17. An image reproduction method according to Claim 
1 6, wherein the step (b) further includes the step of 
(iii) when the processing target image data is the 
reduced image data, generating the reproduction 
image data by performing the basic color space 
conversion to the reduced image data regardless of 
whether or not the color space specified by the color 
space identification information is the standard 
color space 

18. A computer program product for reproducing an im- 
age based on an image data set including image 
data and color space identification information that 
expresses a color space related to the data, the da- 
ta and information being associated with each oth- 
er, the computer program product comprising: 

a computer-readable medium; and 
a computer program stored on the computer- 
readable medium, 

wherein the color space identification infor- 
mation can indicate which of multiple color spaces 
including a prescribed standard color space and a 
different particular color space is to be used, 

the computer program implements on a com- 
puter 

a data processing function to select the image data 
as processing target image data and to generate 
reproduction image data by executing processing 
including color space conversion to the processing 
target image data; and 

an image output function to output a visible 
image with an image output device in accordance 
with the reproduction image data, 

the data processing function including: 

a color space determination function to deter- 
mine a color space specified by the color space 
identification information; and 
a color space conversion function having a ba- 
sic color space conversion function that per- 
forms color space conversion of the processing 
target image data without using the particular 
color space, and a device-dependent color 
space conversion function that converts the 
processing target image data to a device-de- 
pendent color space compatible with the image 
output apparatus using the particular color 
space, and 

the data processing function including: 

(i) when the color space specified by the color 
space identification information is the standard 
color space, generating the reproduction image 
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data by performing the basic color conversion 
to the processing target image data; and 
(ii) when the color space specified by the color 
space identification information is the particular 
colorspace, generatingthe reproduction image 5 
data by performing the device-dependent color 
conversion to the processing target image data. 

19. A computer program product for reproducing an im- 
age based on an image data set including image 10 
data and color space identification information that 
expresses a color space related to the data, the da- 
ta and information being associated with each oth- 
er, the computer program product comprising: 

15 

a computer-readable medium; and 
a computer program stored on the computer- 
readable medium, 

wherein the color space identification infor- 20 
mation can indicate which of multiple color spaces 
including a prescribed standard color space and a 
different particular color space is to be used, 

the computer program implements on a com- 
puter 25 

a data processing function to selectthe image 
data as processing target image data and to gener- 
ate reproduction image data by executing process- 
ing including colorspace conversion to the process- 
ing target image data; and 30 

an image output function to output a visible 
image with an image output device in accordance 
with the reproduction image data, 

the data processing function including: 

35 

a color space determination function to deter- 
mine a color space specified by the color space 
identification information; and 
a color space conversion function having a ba- 
sic color space conversion function that per- 40 
forms color space conversion of the processing 
target image data without using the particular 
colorspace, but not having a device-dependent 
color space conversion function that converts 
the processing target image data to a device- 45 
dependent color space compatible with the im- 
age output apparatus using the particular color 
space, and 

the data processing function including: 50 

(i) when the color space specified by the color 
space identification information is the standard 
colorspace, generatingthe reproduction image 
data by performing the basic color conversion 55 
to the processing target image data; and 

(ii) when the color space specified by the color 
space identification information is the particular 



color space, causing the image output appara- 
tus to output a notification indicating that the 
specified color space is not the standard color 
space. 
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.2 



/ ^ V 



Color space information CSI: 

■ Color space tag CST 

• Reproduction gradation curve characteristic 

■ Reference white point chromaticity 
coordinate values 

■ Primary color chromaticity coordinate value 




Patent provided by Sughru^gEon ; PLLC - iittp://www.sughrue,com 



EP 1 569 471 A1 



o 




CO 

Ljl 



o 
o 

CO 
< 

a 

Cl 

< 

a 



o 

o 
o 
cr 
a. 

UJ 

cr 

LU 

a 
< 

LU 
_l 

m 
< 

CL 
O 

o 
I 

LU 

o 
< 

CL 

00 

cr 
o 
_j 

o 
o 



< 

CL 

X 
LU 



o 

cnj 



O 
Csl 





cr 




UJ 


I- 






OL 


CL 


J- 


cr 






o 






o 




o 



CNJ 



a 
cr 

w 



.OR 




ER 


— i 
o 


LU 
O 




o 


<r 


LU X 


h- 


a > S 


00 


(7) 




cr 




O 


Ll 




a 



C\l 
CVl 
CM 



-Q 

o 

o 
>■ 





IT 




O 




00 




00 


< 


LU 




cr 


< 


CL 






o 




o 




LU 




a 



a 

LU 



CO 
CM 
CM 



^ CO 



U , UJ 

^ o cr co 

o < LU x 

a a> 2 
F 8 



CO 
CvJ 
CvJ 



2 



CD 

cr 

5 



X 





LU 






o cr 




Q 
O 


: SPA 
ERTE 


CvJ 

X 


o 


£ > 




LU 


o ^ 




00 


oS 
o 





CnJ 

X 
2 



o 

CO 

CsJ 



LU 

O 
< 

a. 
co 

cr 
o 
-j 

o 
a 



< — i 



3 
a 

o 



o 

cr lu f— 
o o < 
-J < s 
OQ-cr 
o oo o 

LL 
2 



Patent provided by Sughrue^Eon, PLLC - iittp://www.sughrue,com 



EP 1 569 471 A1 




Hi 

O 
< 



UJ 

i 

GO 
H 
< 
CL 

O 
O 



LU 

o 
< 

00 
LT 
C 
_J 
O 

o 
o 

LU 

a 
< 

CL 
X 



CO 

o 
o 

CNJ 

00 

h- 

< 

cr 
< 

CL 
< 

a 



o 
r> 
o 
o 
cr 
cl 

LU 

cr 



o 
cm 



cr 



v~ cr 



o 



o 
a 



CD 
O 

cr 



CNJ 
CM 



CO 
O 
CM 
CNJ 



.OR 




ER 




1 

o 


ULJ r— 
O LT 




o 


< 


VE 


X 


h- 


CL 




00 


(/) 


z: 




cr 




O 




C 




o 





CNJ 
CNJ 
CNl 



O 

o 





cr 




o 




00 




00 


< 


LU 




cr 


< & 






o 




o 




LU 




Q 



o 

CO 
CM 



a 

LU 

CL 

-3 



< 1 

Q I 

>- 

< 
1 ! 

CL I 

oo I 
5 I 
o , 



cr i 
< | 
51 



UJ 



LU 



z: 

< t 

cr < _ 

cr :> Q 

o cr o 

I LU IE 

o i- 



cr lu 

o o 

—i < 

O 0l 

O 00 



Patent provided by Sughnie^Eon, PLLC - iittp://www.sughrue,com 



EP 1 569 471 A1 



.5 



THUMBNAIL IMAGE REPRODUCTION IN 
EXPANDED COLOR SPACE- 
COMPATIBLE IMAGE REPRODUCING 
APPARATUS 



S1 



PERFORM DATA EXPANSION 
AND BASIC COLOR SPACE 
CONVERSION 



S2 



OUTPUT IMAGE 



Yes 



S3 



REPRODUCE 
NEXT IMAGE 

9 



No 



END 
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Fig. 6 



EXAMPLE OF DISPLAY OF THUMBNAIL IMAGES IN 
EXPANDED COLOR SPACE-COMPATIBLE IMAGE 
REPRODUCING APPARATUS 



ithumbnailTma^ x 
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Fig.7 



MAIN IMAGE REPRODUCTION IN 
EXPANDED COLOR SPACE- 
COMPATIBLE IMAGE 

REPRODUCING APPARATUS 
Z_ / 

^-S11 



OBTAIN COLOR SPACE 
INFORMATION 



S12 



COLOR SPACE? 



sRGB 



wRGB 



S13 



PERFORM DATA 
DECOMPRESSION AND 
BASIC COLOR SPACE 
CONVERSION 




S15 



PERFORM DATA 
DECOMPRESSION AND 
DEVICE-DEPENDENT 
COLOR SPACE 
CONVERSION 



1 


/-SI 6 


OUTPUT IMAC 
WITH W 


5E TOGETHER 
ARNING 



END 
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Fig.8A 



EXAMPLE OF DISPLAY OF MAIN IMAGE IN EXPANDED COLOR SPACE- 
COMPATIBLE IMAGE REPRODUCING APPARATUS (sRGB IMAGE DATA) 




Fig.8B 



EXAMPLE OF DISPLAY OF MAIN IMAGE IN EXPANDED COLOR SPACE- 
COMPATIBLE IMAGE REPRODUCING APPARATUS (wRGB IMAGE DATA) 




THIS IS wRGB IMAGE DATA. 

VIVID COLORS MAY NOT BE REPRODUCED CORRECTLY. 



<BACK)f~NEXT>) 
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Fig.9 



MAIN IMAGE REPRODUCTION 
IN EXPANDED COLOR SPACE- 
INCOMPATIBLE IMAGE 
REPRODUCING APPARATUS 



S21 



OBTAIN COLOR SPACE 
INFORMATION 



S22 




COLOR SPACE? 
sRGB 



wRGB 



S23 



PERFORM DATA 
DECOMPRESSION AND 
BASIC COLOR SPACE 
CONVERSION 



1 


S24 


OUTPUT IMAGE 




^ 




END 
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Fig. 1 0A 



EXAMPLE OF DISPLAY OF MAIN IMAGE IN EXPANDED COLOR SPACE- 
INCOMPATIBLE IMAGE REPRODUCING APPARATUS (sRGB IMAGE DATA) 




Fig.lOB 



WARNING DURING DISPLAY OF MAIN IMAGE IN EXPANDED COLOR SPACE- 
INCOMPATIBLE IMAGE REPRODUCING APPARATUS (wRGB IMAGE DATA) 




WARNING 

THIS IMAGE DATA USES A COLOR SPACE OTHER 
THAN STANDARD RGB, AND MAY NOT BE 
REPRODUCED CORRECTLY. 
TO DISPLAY THE IMAGE ANYWAY, PLEASE CLICK 
ON THE BUTTON BELOW. 



DISPLAY USING 
STANDARD RGB 



B1 



BACK 
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Fig. 13 



EXAMPLE OF PRINTING OF 
THUMBNAIL IMAGES BY PRINTER 



PM 









DSCO0O1.jpg 
(wRGB) 
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Fig. 14 



EXAMPLE OF DISPLAY OF 
IMAGES ON DIGITAL CAMERA 
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REPRODUCTION 
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